INTRODUCTION
The number of surviving extremely low birth weight (ELBW) preterm infants is increasing as a result of improved medical care. Concomitant with this increase in survival, ELBW infants experience more neurological abnormality including cerebral palsy (CP), and other neurodevelopmental impairment [1] [2] [3] [4] [5] [6] compared with preterm infants with longer gestation and heavier birth weight.
Preterm infants, both ELBW and very low birth weight (VLBW), show respiratory dysfunction, retinopathy of prematurity, brain injury, feeding problems, sleepiness and/or excessive crying and later, neurological and learning deficiencies. The literature indicates that neurobehavioral problems in many ELBW infants persist into school age and adolescence. [7] [8] [9] The Neurobehavioral Assessment of the Preterm Infant (NAPI) is a test developed at Stanford to measure the relative maturity of preterm infants from 32 weeks postmenstrual age (PMA) to term age. [10] [11] [12] As the NAPI is a finely discriminating tool it has been used in numerous research studies. [13] [14] [15] [16] The purpose of this study was to investigate whether this early neurological examination is able to identify neurobehavioral differences between ELBW infants and VLBW preterm and whether it is correlated to neurobehavioral development as measured by the Bayley Infant Neurodevelopmental Screener (BINS) at 12 months and the Bayley II at 18 and 30 months. This study tests the hypotheses that neurobehavioral differences between ELBW and VLBW infants can be measured as early as 36 weeks PMA and these differences are sustained throughout the first 30 months of life.
METHODS

Subjects
Infants born <1500 g who were admitted to the Neonatal Intensive Care Nursery at the Lucile Packard Children's Hospital between April 1996 and June 1998 were eligible for this study. The protocol was approved by the Administrative Panel on Human Subjects in Medical Research, and consent was obtained from the parents of the participating infants. Exclusion criteria were infants whose parents lived more than 100 miles from the hospital, and infants with congenital anomalies. In total, 113 infants were recruited.
The cohort was divided by birth weight into the two conventional categories of ELBW (<1000 g; N ¼ 60) and VLBW (1000 to 1500 g; N ¼ 53).
Demographic and medical data is shown in Table 1 . Infants from multiple births were included in the study as multiple births are highly represented in this preterm population, and have a higher risk of CP.
All infants were examined before discharge using the NAPI, a test developed specifically for preterm infants. 6 Later, neurodevelopment was assessed using the BINS total score at 12 months corrected age (CA) and the Bayley psychomotor (psychomotor developmental index (PDI)) and mental developmental index (MDI) at 18 months CA and 30 months chronological age. Longitudinal growth measurements and conventional neurological exams were also performed.
Since CP frequently results in high levels of disability and is present in higher numbers in the ELBW population, we retrospectively created from subjects enrolled a third group of infants who had CP at 18 months CA (N ¼ 14; Table 2 ). In this way, the differences detected between ELBW and VLBW groups were not confounded by the developmental delays caused by CP.
Assessments
The neurobehavioral assessment of the preterm infant. The NAPI provides detailed information about the behavioral development of the preterm infant. The exam has an invariant sequence of item presentation, which allows for precise comparison between infants tested. The items included in the examination have been tested for developmental validity and day-to-day reproducibility. The details of test development and replication are published and normative values for preterm infants are provided in the NAPI Manual. [8] [9] [10] Further test information can be found at www-med.stanford.edu/school/pediatrics/NAPI.
The NAPI was performed at a mean age of 36 weeks PMA by a certified examiner masked to the infants' medical course. The NAPI results are reported here as cluster scores in the following two domains: (1) Motor Development (2) Alertness and Orientation. The items in the Motor Development cluster include ventral suspension, prone head raising, the crawling reflex, forearm recoil, power of active movements and vigor of spontaneous movements. The alertness and orientation items include percent of time in an alert state, duration and quality of alertness, quantitative responses to inanimate and animate visual and auditory stimulation and qualitative ratings that express the nature of the responses.
Bayley infant neurodevelopmental screener. The BINS 17 is a screening test that has convergent validity with the Bayley and classifies infants according to their risk for developmental delay. We used this test at a mean age of 12 months CA. At this age there is an 11 item set, each item being scored as optimal (1) or nonoptimal (0) performance, resulting in a score ranging from 0 to 11. The mean total scores are reported in our results. Test items include basic neurological functions, receptive and expressive functions and cognitive processing. Bayley scales of infant development. The Bayley scales of infant development (BSID II) 18 was administered at 18 months CA and 30 months chronologic age. This is a standardized measure with a mean score of 100 with one SD of 16 points. The results are reported in the areas of MDI and PDI.
Preschool language scales. This test that provides auditory comprehension, expressive communication and total language scores was administered at 30 months by a speech pathologist.
Neurodevelopmental follow-up. The Amiel-Tison and Grenier 19 standardized neurological examination was performed at 12 and 18 months CA and 30 months chronologic age. The infants' were scored as normal when no abnormalities were observed on the neurological examinations and functional gross motors skills were age appropriate. CP was characterized by abnormal muscle tone/movement, in at least one extremity, with abnormal control of movement and posture.
STATISTICS
The sample size was calculated on a power analysis using the published normative scales of the NAPI. It was determined that, at a significance level of 0.05, with an 95% confidence level of detecting one standard deviation difference between the two groups, a sample size of 50 infants would be sufficient. At the outset of the study the inclusion criterion was infants <1250 g at birth weight. When it became clear that the required sample size would not be reached in the time allowed, the inclusion criterion was expanded to birth weight <1500 g. Groups were compared using an ANOVA using Statview. A Spearman rank correlation was used to show the relation between the NAPI, BINS and BSID II. A p-value of <0.05 was considered statistically significant.
RESULTS
In total, 113 subjects were entered into this study. Of these, 46 (41%) were from multiple births, 10 were sole survivors. From three sets of twins only one infant from each set was included in the study, the other twin in each case was too fragile to be examined at 36 weeks PMA. There was one set of triplets and 15 sets of twins included in the study.
CP was identified by neurological exam and by functional testing at 18 months CA in 14 subjects; 10 were from the ELBW group, and four of the VLBW group. Seven of the CP subjects were a twin. Four were sole survivors. The neurodevelopmental differences between infants with CP, ELBW and VLBW using the NAPI, BINS and BSID II are shown in Table 3 . The 14 CP infants are shown separately from the 49 ELBW and 50 VLBW subjects indicating that when the CP subjects are removed from the group significant differences still remain between ELBW and VLBW subjects in the NAPI alertness scores, the BINS and the Bayley scores at 30 months. It can be seen that there was a loss of subjects to follow-up over time. A comparison between the birth weight of those lost to follow-up and those who were assessed shows that there were no significant differences at the 12, 18 and 30 month visits. However, when the NAPI scores of those returning at 30 months was compared with those who did not, it was found that there was a significant difference in the motor scores (p ¼ 0.005) with those with weaker scores returning. There were no differences between subjects tested and 20 a severity of illness score based on initial hospital stay, was significantly higher for the those returning (p ¼ 0.02) indicating that on average, the infants with the greater severity of illness came back for follow-up assessment. Table 3 shows that at 36 weeks PMA the mean scores for NAPI alertness and orientation were significantly lower for CP than the non-CP infants (p ¼ 0.02). There were no significant differences in the mean NAPI motor scores between CP infants and either ELBW or VLBW group. The CP infants scored significantly lower than the non-CP on the BINS at 12 month (p<0.0001), on the MDI and PDI at 18 month (p<0.0001 and p<0.0001) and on the 30 month MDI and PDI (p<0.0001 and p<0.0001, respectively).
The ELBW group scored significantly lower than the VLBW group on the NAPI alertness and orientation cluster, the BINS at 12 months and the MDI at 30 months. No significant differences between these two groups were found on the NAPI motor cluster and this was also true of the Bayley PDI. A positive significant correlation between the alertness and orientation score of the NAPI and total BINS score of r ¼ 0.31, p ¼ 0.02 was found at 12 months, and with the BSID II at 18 and 30 months, MDI (r ¼ 0.38, p ¼ 0.0002 and r ¼ 0.31, p ¼ 0.009) and PDI (r ¼ 0.35, p ¼ 0.0006 and r ¼ 0.35, p ¼ 0.002), respectively.
The longitudinal growth measurements of ELBW and VLBW subjects are shown in Table 4 . It can be seen that the mean weight is significantly lower in ELBW than VLBW infants over the first 30 months of life. The mean height and occipital frontal head circumference (OFC) of ELBW subjects were significantly lower at 4, 18 and 30 months but failed to show significant differences at 12 months. CP did not confer any disadvantage in weight or height at any age, but the mean OFC was significantly smaller (p ¼ 0.04) in CP infants at both 4 and 30 months.
The results of the Preschool Language Scales (PLS) showed no significant difference between the ELBW and VLBW group but the CP group scored significantly lower than the non-CP group in both receptive and expressive language skills. The PLS age equivalent total scores at 30 months showed the VLBW group to perform at a mean age of 31 months, the ELBW group at 29 months and the CP group at 17 months.
DISCUSSION
This is the first study to show significant measurable neurobehavioral differences between ELBW and VLBW as early as 36 weeks PMA using the NAPI. The items measured focus on the quality of alertness, the duration of time that it can be sustained and the degree of responsiveness to stimulation. These are measures reflecting the degree of central nervous system development and injury that are shown to be affected by premature birth. 21 There may be many reasons why the NAPI motor score at 36 weeks PMA did not show differences between the groups. One fact is that motor reflexes comprise a major part of the motor domain of the NAPI. These reflexes appear to develop endogenously in preterm infants and their emergence does not seem to be differentially affected by a short gestation, severity of illness, brain injury or neurological outcomes. Clearly brain injury in the case of CP results in compromised motor function but this does not necessarily affect neonatal motor reflexes, but becomes evident by 12 months using the BINS and at 18 and 30 months of age as measured by PDI. 22, 23 Interestingly the NAPI measures related to state regulation and orientation are more reflective of the apparent brain development and show differences between ELBW, VLBW and CP infants. The sustained significant differences in head circumference between ELBW and VLBW and the differences between CP and non-CP at 30 months may be directly related to mental performance. The NAPI data shows that infants' ability to sustain alertness and orientation skills at 36 weeks PMA predicts BINS and Bayley outcome. The correlations are modest, but the majority of subjects received some form of early therapeutic intervention. We expect intervention to have a positive impact on some infants. The infants with CP may be exhibiting more symptoms from their brain injury as they mature and so their assessment scores may decline over time. With these divergent influences on development it is understandable that clinical lore holds that neonatal tests do not predict later outcome. However, the discerning qualities of the NAPI suggest there is evidence to moderate the current thinking. Another recent study shows good relationship between neonatal exam and brain MRI, 25 and in an earlier study, we found a neonatal neuro exam at term age to be predictive of CP in high-risk preterm infants. 26 A cautionary note must be made to the effect that in general the more robust infants failed to return for assessment at 30 months. This adds a further confounding factor to the correlations.
24
Since differences in NAPI measures can be detected in low birth weight preterm infants before hospital discharge, we suggest that there may be an opportunity to start providing early intervention in the neonatal nursery that may enhance alertness, orientation and attention. Such intervention may help to ameliorate future disabilities commonly seen in this high-risk preterm population. Improved nutrition and reduced noxious intervention in the nursery may increase sleep and ultimately increase head circumference, brain development and enhance alertness and orientation in these infants. We believe this could lead to improved outcomes for some children.
